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GEOTECHNICAL  CENTRIFUGES  OBSERVED  IN  THE  SOVIET  UNION, 
6-29  SEPTEMBER  1979 


Introduction 


1.  During  the  period  6-29  September  1979,  a  team  of  U.  S.  geotech¬ 
nical  engineers  visited  the  U.S.S.R.  to  observe  demonstrations  of  centri¬ 
fuge  devices  and  to  discuss  soil  modeling  techniques  with  representatives 
of  the  Soviet  Union.  The  visit  was  conducted  in  accordance  with  the 
March  1977  Protocol  under  Working  Group  10.05  Project  2  entitled  "Centri¬ 
fuge  Modeling  Used  for  Foundation  Design." 

2.  The  U.  S.  team  participating  in  the  visit  and  the  agency  af¬ 
filiation  of  the  members  are  as  follows: 

a.  Paul  A.  Gilbert,  Research  Civil  Engineer,  Geotechnical 
Laboratory,  U.  S.  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  Miss. 

b.  James  A.  Cheney,  Professor  of  Civil  Engineering,  University 
of  California,  Davis,  Calif. 

3.  Members  of  the  U.  S.  team  departed  the  U.  S.  on  4  September 
from  their  individual  cities  and  met  in  London,  England,  on  5  September 
from  which  they  continued  on  to  Moscow,  arriving  6  September.  They  were 
met  at  the  airport  by  A.  A.  Vaselevskii  and  Candidate  of  Science  (Cand. 
Sc.)  S.  V.  Dovnorovich,  the  technical  contact  who  served  as  companion  to 
and  organizer  for  the  U.  S.  team. 

4.  A  schedule  was  given  the  U.  S.  team  indicating  that  three  in¬ 
stallations  were  to  be  visited  during  the  stay,  two  in  Moscow  and  one  in 
Kiev.  The  U.  S.  team  noted  that  a  visit  to  the  installation  at  Baku  in 
the  Province  of  Azerbaijan  was  not  included  in  the  itinerary  and  re¬ 
quested  that  it  be  added.  The  request  was  denied  with  the  explanation 
that  enough  would  be  learned  from  visits  to  the  installations  on  the 
schedule . 

5.  The  three  installations  scheduled  to  be  visited  were: 

a.  Hydroproject  Institute — an  installation  dealing  with  the 
investigation,  survey,  and  design,  as  well  as  testing  and 
analysis  associated  with  water  power  and  water  resources 
in  the  U.S.S.R. 


b.  NZIOSP,  Research  Institute  of  Bases  and  Underground 
Structures — an  installation  dealing  with  experimental  and 
theoretical  problems  in  basic  soil  mechanics,  foundation 
design,  performance  and  evaluation,  stabilization  of  c»ils, 
problems  in  soil  dynamics,  as  well  as  theoretical  and  ex¬ 
perimental  investigations  of  the  behavior  of  frozen  soils. 

c.  UkrNIIproject — an  installation  dealing  with  soil  mechanics 
problems  associated  with  the  mining  industry  in  the 
Ukraine. 


Background 

6.  The  technique  of  centrifuge  modeling  was  originally  proposed 
in  the  U.  S.  by  P.  B.  Bucky  in  the  early  1930's,  but  the  concept  was  not 
exploited  for  geotechnical  uses  by  U.  S.  engineers.  The  Soviets,  how¬ 
ever,  picked  up  the  technique  and  have  used  it  with  apparent  success  for 
almost  50  years.  According  to  sources  at  NIIOSP,  there  are  approximately 
50  centrifuges  with  a  rotation  radius  of  at  least  1  m  in  the  Soviet  Union 
today;  twelve  of  the  devices  are  currently  functional  and  operating. 

Three  centrifuges  were  observed  during  this  visit,  two  in  Moscow  at 
Hydroproject  and  NIIOSP  and  one  in  Kiev  at  UkrNIIproject.  Two  of  these 
centrifuges  were  operating;  the  device  at  NIIOSP  was  inactive  at  the  time 
of  the  visit  because  of  the  recent  death  of  the  researcher,  N.  Ya. 
Rudnitsky . 

Program  and  Itinerary 


7.  Except  for  NIIOSP,  each  installation  visited  gave  the  U.  S. 
team  a  tentative  schedule  of  events.  These  schedules  are  included  in 
the  appendices.  Appendix  A  shows  the  proposed  schedule  at  Hydroproject, 
Appendix  B  shows  the  list  of  engineers  and  scientists  at  Hydroproject 
scheduled  to  meet  with  the  U.  S.  team,  Appendix  C  shows  the  proposed 
schedule  (in  Russian)  at  UkrNIIproject,  Appendix  D  is  a  synopsis  >£  the 
visit  prepared  by  the  Soviet  hosts.  Appendix  E  is  the  actual  schedule  of 
events  of  the  visit  also  prepared  by  the  Soviet  hosts,  and  Appendix  F  is 
a  copy  of  Appendices  D  and  E  in  the  Russian  language;  copies  of  these 
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documents  were  given  to  the  U.  S.  team. 


Centrifuges  Observed  in  the  Soviet  Union 


Hydroproject 

3.  The  centrifuge  at  Hydroproject  was  perhaps  the  most  capable 
and  well  instrumented  device  observed  during  the  visit.  Its  operation 
was  directed  by  Cand.  Sc.  (Eng.)  Senior  Scientific  Worker  of  Rock  and 
Earthfill  Dams  and  Foundation  Department  (R&EDFD)  V.  I.  Scherbina,  who 
was  quite  knowledgeable  about  centrifuge  testing.  The  device  was 
equipped  with  a  video  monitoring  system  so  that  the  model  could  be  ob¬ 
served  with  the  centrifuge  in  "flight."  This  centrifuge  was  driven  by 
a  260-kw  constant  current  electric  motor.  The  carriage  was  a  swing  box 
in  which  removal  of  the  model  required  removal  of  the  swing  pins.  Speci¬ 
fications  of  the  Hydroproject  centrifuge,  as  stated  by  the  Soviets,  were 
as  follows: 

a.  Rotation  radius  to  the  center  of  the  carriages,  2.5  m. 

b.  Rotational  speed,  0  to  340  rpm. 

c.  Maximum  acceleration,  322  g. 

d.  Internal  dimensions  of  carriages: 

(1)  Height,  500  mm. 

(2)  Length,  900  mm. 

(3)  Width,  400  mm. 

b.  Carriage  mass,  600  kg. 

{_.  Maximum  model  mass,  200  kg. 

£.  Number  of  simultaneously  tested  models,  2. 

h.  Maximum  height  of  prototype,  161  m. 

i_.  Number  of  slip  ring  terminals  for  data  collection,  107. 

Miscellaneous: 

(1)  Capability  is  provided  to  fill  and  empty  water  reser¬ 
voirs  behind  the  models  on  the  carriages  during  flight. 

(2)  Gages  are  provided  for  measuring  contact  stresses  and 
strains. 

(3)  Capability  is  provided  to  apply  a  static  horizontal 
force  of  up  to  10,000  kg  to  the  model  during  flight. 
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9.  Scherbina  spoke  to  the  U.  S.  team  about  the  application  of  the 
Hydroproject  centrifuge.  One  problem  investigated  was  the  cracking  of 
dams  with  clay  cores  (Ail-Union  Designing,  Surveying,  and  Scientific 
Research  Institute  1973).  The  investigation  is  described  as  follows: 

a.  The  technique  used  was  to  construct  the  core  in  three 

layers  consolidating  each  layer  at  a  predetermined  g-level 
on  the  centrifuge.  The  rock  shells  were  then  placed,  the 
model  was  stressed  by  centrifuge  flight,  and  the  deforma¬ 
tions  were  measured.  By  systematically  varying  the  plas¬ 
ticity  (density  and  water  content)  of  the  core  material, 
deformation  levels  for  each  plasticity  were  determined 
which  would  just  cause  cracking.  The  prototype  can  then 
be  designed  based  on  the  performance  of  a  given  core  mate¬ 
rial  at  a  certain  plasticity  (Scherbina  1977).  Another 
problem  under  investigation  at  Hydroproject  was  that  of  an 
unzoned  rockfill  embankment  with  an  upstream  asphaltic 
membrane  (Vutsel  and  Scherbina  1976) . 

Ij.  Scherbina  indicated  that  dams  50  to  80  m  high  of  this  type 
are  routinely  built  in  the  German  Democratic  Republic. 

About  25  models  must  be  prepared  and  tested  in  the  centri¬ 
fuge  to  optimize  the  design  of  a  structure  to  be  built  of 
a  given  material.  A  parametric  study  is  accomplished 
varying  the  parameters  density,  grain  size,  embankment 
slope,  and  height.  Grain  size  is  not  scaled  in  the  study. 
Instead,  a  model  material  is  chosen  which  will  match  the 
strength  and  density  of  the  prototype  material  based  on 
laboratory  and  field  studies.  Indications  are  that  inter¬ 
pretive  difficulties  do  not  arise  if  the  two  parameters, 
strength  and  density,  are  carefully  matched  between  model 
and  prototype. 

10.  At  Hydroproject,  the  U.  S.  team  was  given  a  qualitative  demon¬ 
stration  of  the  value  of  the  centrifuge.  Two  circular  cylindrical 
specimens  of  sandy  clay  were  prepared  at  different  molding  conditions. 

One  specimen  had  a  high  water  content  and  low  density;  the  other  had  a 
lower  water  content  and  higher  density.  The  unconfined  specimens  were 
put  into  the  centrifuge  and  loaded  by  the  gravity  field.  The  specimen 

of  low  density  collapsed  at  35  g's.  The  specimen  of  high  density  and  low 
water  content  required  95  g's,  thus  demonstrating  the  qualitative  rela¬ 
tionship  between  strength,  water  content,  and  acceleration  level  to 
produce  collapse. 

11.  A  photograph  of  the  Hydroproject  centrifuge  inside  its  con¬ 
tainment  pit  is  shown  in  Figure  1.  The  centrifuge  bucket  is  shown  in 
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Figure  1.  Hydroproject  centrifuge  and  containment  pit 

Figure  2  and  a  model  in  preparation  is  shown  in  Figure  3.  The  X  marks 
on  the  model  of  Figure  3  represent  points  where  displacement  will  be 
monitored  during  flight.  Figure  4  shows  a  technician  making  optical 
measurements  on  a  model  to  establish  the  displacement  field  developed 
during  flight. 

N1I0SP 

12.  Even  though  there  was  a  fairly  well  equipped  centrifuge  at 
NIIOSP,  it  was  not  in  operation  because  of  the  death  of  its  researcher, 

N.  Ya.  Rudnitsky,  about  1  year  before  the  visit  of  the  U.  S.  team.  The 
U.  S.  team  was  given  only  a  cursory  look  at  the  device.  The  centrifuge 
itself  was  smaller  than  the  device  at  Hydroproject,  having  an  arm  with 
an  effective  radius  of  2.0  m  powered  by  an  electric  motor  of  100  kw.  No 
photographs  were  allowed  of  the  device  and  little  technical  description 
was  offered;  the  explanation  given  was  that  there  was  no  official  centri¬ 
fuge  operator  or  expert  at  NIIOSP  since  the  death  of  Mr.  Rudnitsky. 

13.  The  time  at  NIIOSP  was  largely  spent  having  discussions  with 
Soviet  experts  about  various  aspects  of  soil  mechanics,  including  a  very 
detailed  discussion  on  the  theory  of  plasticity  by  Dr.  A.  Stroganov  and 
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Figure  2.  Hydroproject  centrifuge  bucket 


Figure  3.  Centrifuge  model  in  preparation 


Figure  4.  Technician  establishing  datum  on 
centrifuge  model 

a  discussion  about  centrifuge  modeling  with  Prof.  T.  G.  Yakovleva. 

14.  Prof.  Yakovleva  is  connected  with  the  Ministry  of  Transport 
and  Transport  Construction  Facilities  as  well  as  the  Ministry  of  Roads 
under  whose  jurisdiction  are  highway  and  railway  construction  and  main¬ 
tenance.  She  worked,  at  the  time  of  the  visit,  with  the  Institute  of 
Railroad  Engineering.  She  had  used  the  centrifuge  to  aid  in  the  design 
of  embankments  for  the  Trans-S Loerian  Railroad.  A  broad  range  of  com¬ 
plex  foundation  problems  had  surfaced  because  of  the  soft  organic  clays 
and  peat  combined  with  the  condition  of  permafrost  which  exists  over 
much  of  the  Siberian  tundra  on  which  the  railroad  was  built. 

15.  Prof.  Yakovleva  described  three  centrifuges  that  she  had  used 
for  her  work,  as  follows: 

a.  A  centrifuge  built  in  Moscow  in  1951  for  the  Research 


Institute  of  Transport  Construction.  The  effective  radius 
of  this  device  is  2.5  m  and  the  range  of  scaling  is  from 
4.8  to  124  g's.  The  bucket  is  40  cm  wide  by  80  cm  long  by 
60  cm  high. 

b.  A  centrifuge  built  in  1955  for  the  Moscow  Institute  of 
Railway  Transport  at  Dneipropetrovsk.  The  device  has  an 
arm  of  effective  radius  2.0  m  and  a  scaling  factor  of  up 
to  100  g's.  The  bucket  is  50  cm  wide  by  100  cm  long  by 
60  cm  high.  This  particular  centrifuge  is  used  to  simu¬ 
late  plane  stress  by  inserting  a  model,  10  cm  thick,  be¬ 
tween  lubricated  plates.  M.  N.  Gol'dshtein,  world- 
recognized  Soviet  centrifuge  expert,  was  stated  to  be  a 
co-user  of  this  device. 

£.  A  centrifuge  built  in  1962  for  the  Laboratory  of  Railway 

Engineers  in  Moscow.  The  arm  is  2.5  m,  speed  is  0-340  rpm, 
with  an  acceleration  of  up  to  322  g's.  The  bucket  is 
40  cm  wide  by  90  cm  long  by  50  cm  high.  The  bucket  with 
soil  can  weigh  a  maximum  of  1050  kg  with  a  maximum  model 
weight  of  170  kg.  The  driving  motor  has  a  power  of 
320  kw  to  start  with  a  working  power  level  of  200  kw. 


16.  Prof.  Yakovleva  discussed  errors  inherent  in  centrifuge 
modeling  due  to  variations  in  the  g-field  and  time  of  load  application. 
It  was  suggested  that  some  of  the  time  effects  may  be  minimized  by 
scheduling  the  rate  of  increase  in  g-level  to  coincide  with  the  con¬ 
struction  period.  In  connection  with  centrifuge  modeling.  Prof.  Yakov¬ 
leva  was  investigating  stochastic  methods  for  predicting  responses  due 
to  a  large  number  of  independent  variables  using  the  theory  of  systems. 
In  this  connection,  she  mentioned  the  work  of  S.  W.  Director  at  the 
University  of  Florida  and  R.  A.  Rohrer  at  the  University  of  California, 
Berkeley.  The  U.  S.  team  was  presented  with  a  reference  list  contain¬ 
ing  334  entries  of  articles  pertaining  to  railroad  engineering  soil 
mechanics;  the  list  is  presented  as  Appendix  G.  About  140  of  these 
references  pertain  to  centrifuge  studies,  but  unfortunately  only  a  few 
are  available  in  the  western  literature. 

17.  Prof.  Yakovleva  informed  the  team  that  Soviet  centrifuge 
pioneer,  G.  I.  Pokrovsky  died  on  15  January  1979. 

UkrNIIpro/ject 

18.  The  UkrNIIproject  in  Kiev  is  a  research  and  design  center 
dealing  with  problems  of  the  mining  industry  in  the  Ukraine.  Research 
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chere  was  geared  coward  finding  methods  to  improve  open  pit  coal  mining 
operations.  The  director  of  the  centrifuge  was  Nicholai  Nicholavich 
Kuvaiyev  and  the  experiments  were  run  by  A.  Pavlovna. 

19.  The  centrifuge  in  this  installation  was  being  used  to  deter¬ 
mine  safe  operating  positions  for  bulldozers  and  motor  graders  on  soil 
structures  formed  by  dumping  dry  mining  spoils  over  a  soft  plastic  silty 
clay  foundation.  This  foundation  was  formed  as  clay  was  hydraulically 
transported  into  a  pit  and  allowed  to  settle  so  that  the  transport  water 
could  be  recovered.  Serious  accidents  involving  machinery  and  personnel 
had  resulted  from  slides  in  the  dry  tailings  triggered  by  movement  in 
the  soft  material  underneath.  In  this  light,  the  centrifuge  was  used  at 
UkrNIIproject  mainly  to  identify  impending  failure  so  that  certain  asso¬ 
ciated  dangers  could  be  avoided. 

20.  Centrifuge  studies  showed  that  there  were  three  parameters  of 
interest  identified  in  Figure  5 — distances  A,  B,  and  K;  A  is  the  zone 
of  severe  collapse,  B  is  the  zone  of  limitation  for  crack  formation, 
and  K  is  the  height  of  the  scarp.  Z  is  the  depth  of  penetration  of 
the  tailings  material  into  the  slurry  after  sliding. 

21.  Figure  6  shows  in  section  the  centrifuge  model  used  to  inves¬ 
tigate  the  tailings  slides. 

22.  The  work  at  UkrNIIproject  was  of  special  interest  to  the  U.  S. 
team  from  the  standpoint  of  hands-on  experience  with  the  centrifuge. 

(The  device  at  Hydroproject  was  only  demonstrated  and  the  NIIOSP  centri¬ 
fuge  was  only  observed.)  The  data  observed  at  Kiev  was  especially 
valuable  in  that  the  tests  shed  light  on  the  validity  of  scaling  laws 
between  model  and  prototype  at  least  as  far  as  the  investigated  type  of 
failure  is  concerned.  At  other  installations  visited,  centrifuge  models 
were  used  to  design  prototype  structures  against  failure.  If  the  proto¬ 
type  did  not  fail,  then  no  data  were  gained  to  establish  a  scaling 
correlation  between  model  and  prototype.  For  the  mining  operations  in 
the  Ukraine,  it  is  accepted  that  there  will  be  failures  of  the  proto¬ 
type  again  and  again,  so  ample  data  have  been  collected  to  establish  a 
statistical  relationship  between  model  and  prototype. 

23.  The  data  presented  in  the  tabulation  below  will  be  published 
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There  is  certainly  good  agreement  among  the  average  values  of  the  dimen¬ 
sions,  between  model  and  prototype. 

24.  At  UkrNIIproject,  models  were  prepared  and  then  loaded  in  the 
artificial  gravity  field  of  the  centrifuge  until  failure  was  detected 
with  a  deformation  gage.  (There  was  no  visual  monitoring  system.)  The 
model  was  then  removed  and  the  after-failure  profile  plotted  with  an 
instrument  very  similar  in  operating  principle  fo  a  device  used  in  the 
woodworking  industry  in  the  U.  S.  to  duplicate  irregular  contours.  The 
device  is  called  a  profile  transfer  or  contour  gage,  and  uses  rods  held 
in  a  metal  bar  which  may  be  moved  to  follow  the  contour  of  an  irregular 
surface.  The  mapping  of  the  deformed  model  surface  was  accomplished 
with  such  a  device  as  shown  in  Figure  7. 

25.  The  UkrNIIproject  centrifuge  is  described  in  a  textbook  by 
Yu.  N.  Malushitsky  (1975)  which  has  been  translated  from  the  Russian 

by  D.  R.  Crane  and  Andrew  N.  Schofield.  (A  copy  of  this  book  in  Russian 
was  requested  by  Prof.  Cheney,  and  a  copy  was  furnished  by  A.  Pavlovna.) 
The  device  has  an  effective  radius  of  2505  mm.  Maximum  acceleration  is 
320  g's  with  a  maximum  speed  of  340  rpm.  The  centrifuge  has  a  perma¬ 
nently  installed  swing  platform,  onto  which  the  payload  box  is  attached 
for  flight.  The  size  of  the  payload  box  is  140  cm  long  by  50  cm  wide 
by  75  cm  high.  The  centrifuge  is  powered  by  a  160-kw  electric  motor. 

26.  All  centrifuges  observed  could  be  accessed  only  through  a 
door  opening  to  the  containment  pit  below.  An  interesting  suggestion  by 
the  technicians  at  UkrNIIproject  was  that  a  tunnel  allowing  horizontal 
access  to  the  centrifuge  would  be  advantageous  for  the  reason  that 
models  are  lowered  into  place  by  an  electrically  operated  crane  which 
jerks  and  possibly  damages  the  models.  Horizontal  access  would  minimize 
such  damage. 

27.  The  centrifuge  observed  by  the  U.  S.  team  in  Kiev  was  17  years 
old,  but  three  additional  centrifuges  are  planned  by  the  Ukrainian 
Academy  of  Sciences  for  geotechnical  uses.  One  of  the  devices  will  be 
dedicated  exclusively  to  earthquake  studies  under  the  direction  of 

Yu.  N.  Malushitsky  and  is  planned  for  1982  to  1983. 
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Figure  7.  Mapping  of  the  model  profile  after  flight 


Soviet  Soil  Testing  Equipment 


28.  The  most  advanced  general  soil  testing  equipment  observed  by 
the  U.  S.  team  was  at  Hydroproject.  THe  laboratory  was  under  the  gen¬ 
eral  direction  of  V.  I.  Vutsel,  head  of  R&EDFD.  Some  equipment  observed 
was  quite  impressive.  There  were  large-diameter  triaxial  chambers  with 
the  capability  to  test  specimens  up  to  30  cm  in  diameter  and  60  cm  high. 
Observed  also  was  a  large-diameter  consolidometer .  There  was  a 

true  triaxial  device  which  allowed  independent  loading  of  the  three 


mutually  perpendicular  axes.  The  specimen  tested  was  a  cube,  100  mm  on 
a  side . 

29.  D.  B.  Radkevich,  head  of  the  Instrumentation  Development 
Department  at  Hydroproject,  showed  the  U.  S.  team  some  very  interesting 
instruments,  including  a  very  ii  genious  surface  def lectometer  which  also 
measured  rotation,  thus  giving  two  components  of  displacement  in  a 
single  instrument.  Also  shown  was  a  rubber  soil  pressure  gage  whose 
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design  was  based  on  the  theory  of  elasticity  and  which  eliminates  many 
of  the  problems  associated  with  soil  pressure  gages  such  as  the  differ¬ 
ence  in  stiffness  between  the  soil  and  gage.  The  problem  of  miniatur¬ 
izing  this  device  for  centrifuge  use  was  being  studied. 

30.  On  the  other  hand,  some  aspects  of  Soviet  soil  testing  were 
not  so  advanced.  Generally,  in  the  area  of  electronics,  this  writer  ob¬ 
served  a  certain  deficiency  in  Soviet  technology.  Measurement  instru¬ 
ments  were  not  observed  in  plentiful  supply  and  those  instruments  ob¬ 
served  to  measure  pressure  and  force  were  based  on  the  mechanical  reso¬ 
nance  (vibrating  wire)  principle.  Mechanical  resonance  transducers  are 
neither  more  advanced  nor  more  primitive  than  the  equivalent  bonded  or 
unbonded  strain  gage  instruments  used  in  the  U.  S.;  they  are  simply 
based  on  a  different  mechanism.  Certain  economic  advantages  are  appar¬ 
ent  in  a  system  using  mechanical  resonance  transducers,  however.  The 
most  obvious  advantages  are  the  ease,  simplicity,  and  economy  of  the 
construction  and  maintenance  of  the  instruments  as  well  as  the  fact  that 
they  require  minimal  electronic  support.  These  devices  suffer  disadvan¬ 
tages  described  below  which  limit  their  overall  versatility.  By  compar¬ 
ison,  miniature  strain  gage  load  and  pressure  transducers  as  used  in 
many  U.  S.  laboratories  are  complicated  structures  requiring  complex  and 
expensive  construction  equipment  run  by  highly  skilled  personnel.  Exten¬ 
sive  electronic  support  is  also  often  required.  If  such  transducers  are 
damaged,  they  most  probably  would  have  to  be  discarded  and  replaced. 

31.  Less  sophisticated  soil  testing  equipment  was  observed  at 
N1I0SP  and  UkrNIIproject  than  at  Hydroproject.  At  NIIOSP,  very  large- 
scale  bin  (8  m  by  8  m  by  16  m)  tests  were  being  used  to  investigate 
pressure  distribution  in  a  soil  mass  due  to  plate  loads  at  the  surface 
(Dovnarovich  1977).  Consolidation  and  ring  shear  tests  were  being  con¬ 
ducted  at  UkrNIIproject  with  no  evidence  of  electronics.  Even  though 
the  equipment  was  performing  the  required  task,  it  seemed  antiquated. 

General  Impressions 

32.  The  U.  S.  team  received  several  impressions  regarding  Soviet 
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centrifuge  technology.  First,  it  appeared  and  was  acknowledged  by  the 
Soviet  scientists  that  the  fundamental  scaling  laws  have  not  been  veri¬ 
fied,  it  seems  that  the  engineers  have  been  pressured  by  program- 
oriented  research  for  the  past  40  odd  years  and  have  little  documented 
data  which  confirm  basic  modeling  laws  or  establish  the  limits  of  valid¬ 
ity  in  centrifuge  modeling.  The  reason  for  this  state  of  affairs  became 
clear  in  Kiev  when  N.  N.  Kuvaiyev  said,  "We  are  always  pressed  for 
answers  to  current  project  problems  so  that  we  have  little  time  or  bud¬ 
get  for  basic  research.  Our  basic  research,  what  little  is  done,  is 
pirated  from  development  projects.”  Along  a  related  line,  it  was  the 
impression  of  this  writer  that  Soviet  scientists,  in  general,  do  not 
deviate  from  rigidly  prescribed  programs.  It  almost  seemed  that  if  an 
area  of  great  interest  or  potential  were  incidentally  touched  on  in  a 
research  program,  it  would  not  be  pursued  further  simply  because  it  was 
not  a  part  of  the  program. 

33.  The  pertinent  question  "Do  you  have  data  comparing  model  and 
prototype?"  was  put  to  every  installation  visited  by  the  U.  S.  team. 

Many  articles  in  the  literature  make  the  qualitative  statement  that  the 
correlation  is  good,  but  no  data  are  shown.  An  answer  to  this  question 
came  first  in  discussions  with  Prof.  Yakovleva.  She  pointed  out  that 
variations  in  field  conditions  make  it  extremely  unlikely  that  a  proto¬ 
type  could  be  exactly  modeled  in  the  centrifuge  and  therefore  even  if  a 
single  prototype  test  matched  a  set  of  model  test  results,  the  verifica¬ 
tion  would  be  unconvincing. 

34.  There  are  two  possible  ways  in  which  verification  with  proto¬ 
types  may  be  made.  One  is  to  use  centrifuge  model  tests  to  verify  a 
theory  of  soil  behavior  and  then  apply  the  theory  to  many  full-scale 
tests  to  obtain  verification  of  the  theory  at  full  scale.  The  other  is 
to  obtain  a  large  number  of  full-scale  (prototype)  tests  and  determine 
statistical  averages  of  response  and  then  run  a  similarly  large  series 
of  tests  in  the  centrifuge  and  compare  statistics  between  model  and 
prototype.  The  latter  approach  was  used  by  Yakovleva  in  verifying  cen¬ 
trifuge  results  of  railroad  bed  fills  on  soft  peat  foundations  for  the 
Trans-Siberian  Railroad,  and  the  results  of  this  work  were  presented  in 


16 


the  Proceedings  of  the  Eighth  International  Conference  on  Soil  Mechanics 
and  Foundation  Engineering  (Polshin  et  al.  1973  and  Polshin  et  al.  1977). 

33,  It  should  be  mentioned  that  there  appears  to  be  controversy 
among  Soviet  scientists  within  the  Gosstroy  regarding  the  value  of  cen¬ 
trifuge  modeling.  The  greatest  expressions  of  doubt  came  from  the  scien¬ 
tists  at  NIIOSP.  A  memorable  statement  made  by  S.  V.  Dovnarovich  of 
NIIOSP  in  Kiev  was  translated  as  "Centrifuge  modeling  will  no  more  accu¬ 
rately  predict  soil  behavior  than  the  aching  bones  of  an  old  woman  will 
predict  changes  in  the  weather."  Needless  to  say,  the  Ukrainian  re¬ 
searchers  A.  Pavlovna  and  N.  N.  Kuvaiyev  disagreed. 

Summary  Remarks 

36.  The  visiting  U.  S.  team  exchanged  ideas  with  several  promi¬ 
nent  Soviet  engineers  and  scientists,  notably  Cand.  Sc.  (Eng.)  V.  I. 
Scherbina,  Cand.  Sc.  (Eng.)  V.  I.  Vutsel,  Dr.  D.  B.  Radkevich,  Prof. 

T.  G.  Yakovleva,  Dr.  A.  S.  Stroganov,  Mr.  N.  N.  Kuvaiyev,  and  Mrs.  A. 
Pavlovna . 

37.  The  Soviets  are  very  advanced  in  certain  areas  of  theoretical 
soil  mechanics  and  centrifuge  modeling  as  was  confirmed  by  the  sessions 
of  the  U.  S.  team  with  Prof.  Yakovleva  and  Dr.  Stroganov,  but  they  are 
less  advanced  in  development  and  use  of  laboratory  equipment  and  experi¬ 
mental  techniques.  Soviet  laboratory  equipment  was  adequate  for  the 
work  being  performed,  but  was  somewhat  rudimentary  and  antiquated  com¬ 
pared  to  laboratory  equipment  and  instrumentation  used  in  the  United 
States.  The  centrifuge  devices  observed  were  adequate  for  the  work 
being  performed,  but  were  basic  and  austere  in  that  they  lacked  all  but 
the  most  necessary  instrumentation.  For  example,  only  one  of  the  de¬ 
vices  observed  featured  a  visual  monitoring  system. 

38.  The  approach  taken  to  centrifuge  modeling  was  also  rather 
simplistic  in  terms  of  the  types  of  problems  being  investigated.  That 
is,  soil  was  modeled  as  a  one-phase  system  with  no  attention  paid  to 
the  more  interesting  soil-water  interaction  problem.  This  could,  how¬ 
ever,  be  due  to  the  conspicious  lack  of  electronic  instrumentation  which 
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would  be  required  to  investigate  more  complex  problems.  Only  mechanical 
resonance  transducers  were  observed  in  the  U.S.S.R.  by  the  U.  S.  team. 
Although  these  transducers  offer  some  advantages,  they  also  suffer  dis¬ 
advantages,  making  them  unsuitable  for  certain  applications.  For  in¬ 
stance,  the  following  problems  might  be  encountered  in  centrifuge  model 
measurements  using  vibrating  wire  transducers: 

a.  They  require  relatively  large  size.  The  transducers  ob¬ 
served  were  about  15  cm  long  and  2.5  cm  in  diameter.  Such 
an  instrument  placed  in  a  centrifuge  model  and  accelerated 
to  say  100  g's  would  scale  to  become  a  structure  15.2  m 
and  20  cm  in  diameter  in  flight. 

tj.  The  element  must  vibrate  in  order  for  the  transducer  to 

function.  This  could  be  a  major  disadvantage  since  vibra¬ 
tions  themselves  obey  a  certain  scaling  law  in  the  gravity 
field  of  the  centrifuge.  This,  combined  with  the  inherent 
nonlinearity  of  the  device,  could  make  it  difficult  to  use 
in  conjuction  with  centrifuge  modeling. 

£.  The  devices  will  be  severely  influenced  by  temperature 
changes  unless  the  thermal  properties  of  the  frame  and 
vibrating  wire  are  carefully  matched,  and  even  with  the 
most  careful  matching,  temperature  transience  will  ad¬ 
versely  affect  measurements. 

It  is  the  opinion  of  this  writer  that  because  of  the  availability  of 
very  versatile  electronic  instrumentation  and  technology  in  the  U.  S., 
investigators  using  geotechnical  centrifuges  would  be  able  to  explore 
more  complex  problems  and  achieve  more  complete  results  than  their  Soviet 
counterparts. 


Conclusions 


39.  Valuable  work  is  being  accomplished  by  the  Soviets  in  the  area 
of  geotechnical  centrifuge  testing  and  it  would  be  mutually  advantageous 
to  continue  scientific  exchanges  for  the  following  reasons: 

a.  The  Soviets  are  very  advanced  in  certain  theoretical  con¬ 
cepts  that  may  prove  valuable  in  proposed  geotechnical 
modeling  in  the  U.  S.  For  example,  the  U.  S.  team  was  in¬ 
formed  of  several  texts  devoted  entirely  to  the  theory  of 
centrifuge  testing  and  one  text. book  devoted  to  the  thermo¬ 
dynamics  of  the  centrifuge.  All,  of  course,  are  in  the 
Russian  language. 
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PROGRAM 

of  training  of  U.S.  specialists  in  the 
Laboratory  of  Centrifuge  Modelling  in  the 
Scientific  Research  Centre  of  Hydroproject 

Moscow  7  to  14  September, 1979 


7  September 


8  September 

9  September 

10  September 

11  September 


12  September 


13  September 


14  September 


The  training  program  discussion. 

Visit  to  the  Laboratory  of  investigations 
into  soil  engineering  properties,  forming 
a  part  of  the  Rock-  and  Earthfill  Dams 
Department  of  the  SRC  of  Hydroproject. 

A  general  introduction  to  the  Laboratory 
of  centrifuge  modelling,  the  centrifuge 
installation  and  the  instrumentation. 

Free  day. 

Free  day. 

Introduction  to  the  main  principles  of  the 
centrifuge  modelling  of  the  embankment  dams. 

Centrifuge  experiment  for  studying  a 
rock-  and  eartfill  dam  strains.  The  model 
demantling,  measuring  of  the  model  residual 
strains,  discussion  of  the  experiment  resulti 

Demons trational  experiments  on  the  centri¬ 
fuge  with  the  final  soil  sample  failure 
(  methodical  experiments  ), 

The  experiments  discussion. 

Introduction  to  some  results  of  a  number 
of  centrifuge  model  studies  of  soil  materiali 

Preparation  to  the  second  experiment  of  the 
centrifuge  studies  of  the  strains  in  a 
rock-  and  earthfill  dam  model. 

The  centrifuge  experiment  and  discussion  of 
the  results.  The  final  meeting. 


APPENDIX  B 

LIST  OF  ENGINEERS  AND  SCIENTISTS  AT  HYDROPROJECT 


LIST 

OF  EXPERTS  OP  THE  SCIENTIFIC  RESEARCH  CENTRE 
OP  HYDROPROJECT  PARTICIPATING  IN  THE  MEETING 
WITH  THE  US  EXPERTS,  7-14  SEPTEMBER,  1979 


I*  Kirillov  A.P. 

2.  Vutsel  V.I. 

3.  Shcherbina  V.I. 

4«  Radkevich  D.B. 

5.  Samarin  V.G. 

6.  Fedotova  E.A.  (Mrs.) 

7.  Kanenkova  T.N.  (Mrs.) 


-  Dr,  of  Techn.  Sc. ,  Deputy 
Director  of  the  SRC  of 
Hydroproject 

-  Cand.  of  Techn.  Sc. ,  Head 

of  the  Rock  and  Eartfill  Dams 
and  Foundations  Department 
(  R&EDFD  ) 

-  Cand.  of  Techn.  Sc. ,  Senior 
Scientific  Worker  of  R&EDPD 

-  Eng. ,  Head  of  the  Instrumentation 
Develpment  Department 

-  Cand.  of  Techn.  Sc. ,  Senior 
Scientific  Worker  of  the 
Scientific-Methodical  Department 
of  Power  Investigations 

-  Eng. , Group  Head  of  R&EDPD 

-  Eng. ,  Deputy  Head  of  the  Patent 
and  Information  Department 
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SCHEDULE  AT  UkrNlIproject 
(IN  RUSSIAN) 
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HoxroroBxa  omna  no  ueHTpooexHoay  MoxejixpoB&HU) 
ycToftiBocTi  oTBasoB  aa  cxadoa  ocHQBaHU,  oocyaxe- 

H16  MBTOXBKH  nOATOTOBKM  MOABJOU 

OpoBexenae  oiorra  no  ueHTpooeaHony  MoxexHpoBaHHB 
ycTOjfoxBocra  OTBasa  Ha  cxaoom  ochobshu,  paaoopxa 
MQXaa. 

HepepHB  aa  ooex. 

0<fcyXXBHH6'  pasyXBTHTOB  MOXaxqpOBaHBH. 

Otohtbb  cnemaxmcTOB  CM  is  yigpuHtopoeKta. 
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APPENDIX  D 
SYNOPSIS  OF  VISIT 


« 


MEMORANDUM 


Vi Bit  of  the  USA  Specialists  to  the  USSR  under 
WG  10*05  "Building  for  Extreme  Clinate  and 
Unusual  Geologioal  Conditions" 

6  September  -  29  September 
1979 

In  conformity  with  the  Protocol  of  the  Third  meeting  of 
the  USA-USSR  Joint  Working  Group  10.05  "Building  for  Extreme 
Climates  and  Unusual  Geological  Conditions"  two  American  Spe¬ 
cialists  :  James  A. Cheney*  Ph.D. -Civil  Engineer,  University 
of  California,  and  Paul  Gilbert  -  Engineer-Researcher,  The 
Waterways  Experiment  Station,  U*S*Army  Corps  of  Engineers, 
visited  the  USSR  from  6  September  to  29  September  1979  to  study 
the  problems  of  application  the  centrifuge  modelling  method 
in  the  investigations  of  soil  mechanics. 

The  American  Specialists  visited  scientific  and  research 
institutes  in  Moscow  (HIIOSB-Scientific  Research  Institute  of 
Bases  and  Underground  Structures  and  NIS  Hydroproject  -Scienti¬ 
fic  and  Research  Division  of  Hydroproject  Institute)  and  in 
Kiev  (UkrNIIprojeot)  to  become  familiar  with  the  laboratory 
testing  equipment  and  techniques  of  solving  the  various 
problems  by  means  of  centrifuge  modelling  method* 

The  American  Specialists  visited  SIS  Hydroprojeet  where 
they  were  acquainted  with  the  laboratory  of  centrifuge  model¬ 
ling,  the  centrifuge  installation  and  the  instrumentation, 
the  main  principles  of  the  centrifuge  modelling  of  the  embank¬ 
ment  dams* 

At  the  Scientific  and  Research  Institute  of  Bases  and 
Underground  Structures  of  Gosatroy  USSR  the  American 
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Specialists  b sc mas  familiar  with  the  techniques  of  preparation 
and  analysis  of  the  experimental  results  with  modelling  the 
settlements  and  stability  of  bases  of  structures  and  buildings* 
The  American  Specialists  were  given  the  opportunity  to  take 
one  consultations  of  the  specialists  of  Mosoow  Railway  Sogineer* 
lag  Institute  on  the  problems  of  centrifuge  modelling  in  rail¬ 
way  construction* 

At  the  UkrHII project  Institute  in  Kiev  the  American  Specialists 
were  acquainted  with  the  main  principles  of  oentrifuge  modelling 
in  coal  industry  • 

A  detail  program  of  the  Amerioan  Specialists  visit  is  atta¬ 
ched  as  Appendix  I. 

The  American  Specialists  were  received  on  the  principle 
"Receiving  Side  Pays". 

During  their  visit  Prof .J. Cheney  and  Sag. P. Gilbert  saw  the 

v 

historical  sights  and  architectural  monuments  of  Mosoow  and 
Kiev,beoaae  familiar  with  the  cultural  life  of  the  Soviet  people* 
The  reoeption  of  Amerioan  Specialists  took  plaoe  in  a 
friendly  atmosphere*  and  the  results  were  beneficial  to  both 

sides. 

The  Amerioan  Specialists  express  satisfaction  with  the 
results  of  the  study  mission  and  are  grateful  to  the  Soviet 
side  for  the  cooperation  during  their  visit  in  the  USSR. 

This  Memorandum  is  written  in  Sngliah  and  Russian. 

Both  texts  equally  authentic.  Saoh  side  has  one  copy  of  the 
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English  and  Russian  texts  of  this  Msnorandua 


Proa  the  Soviet  aids 
A.V.  3JLD07SEET 
Deputy  Director, 


Iron  the  American  si 


J .CHENEY 

Prof*,  University  of 
California 


APPENDIX  E 

ACTUAL  SCHEDULE  OF  EVENTS 


PROGRAM 


of  the 


6  September 

7  September 

8  September 

9  September 

10  September 

11  September 

12  September 

13  September 

14  September 

13  September 
16  aepteaber 


Aaerioan  Specialist a  visit 
in  the  USSR 

6-29  September 
1979 


Arrival  in  Moscow,  Airport  Sheremetjevo, 
Hotel  aooomodations. 


HIS  Hydroproject.  Discussion  of  the  prog¬ 
ram  of  study  mission.  Visit  to  the  Labo¬ 
ratory  of  investigations  into  soil  engi¬ 
neering  properties. 


Cultural  program 
Cultural  program 


HIS  Hydroprojeot.  A  general  introduction 
to  the  Laboratory  of  centrifuge  modelling, 
the  centrifuge  installation  and  the  inst¬ 
rumentation. 


HIS  Hydroprojeot.  Centrifuge  experiment 
for  studying  &  rook. and  earthf ill  dams 
strains. 

HIS  Hydroprojeot.  Demonstrational  experi¬ 
ments  on  the  oentrifuge  with  the  final 
soil  sample  failure. 

HIS  Hydroprojeet.  Introduction  to  some 
results  of  a  number  of  centrifuge  model 
studies  of  soil  materials. 

Preparation  to  the  seoond  experiment  of 
the  oentrifuge  studies  of  die  strains  in 
a  rook-  and  eartf ill  dam  model. 


The  oentrifuge  experiment  and  discussion 
of  the  results.  The  final  meeting. 

Tree  time 

Cultural  program 


E2 


17  September 


NIIOSP.  Visit  to  the  laboratories  of  the 
institute*  General  introduotion  to  the 
sain  principles  of  the  oentrifuge  model- 
ling  of  the  foundations  under  building 
structures* 

18  September  HIIOSP.  Introduotion  to  the  theory  of 

modelling.  Visit  to  the  Experimental 
Building. 


19*  September  HIIOSP*  Consultations  with  the  speolalists 

of  Moscow  Hallway  Engineering  Institute 
(Prof .Yakovleva  T*G*;  on  the  prohLems  of 
oentrifuge  modelling  in  railway  construc¬ 
tion*  Characteristics  of  the  centrifuge 
machines  in  the  111-Union  Scientific  and 
Researoh  Institute  of  Transport  Construc¬ 
tion,  Dnepropetrovsk  Railway  Engineering 
Institute  and  Moscow  Railway  Engineering 
Institute. 

Theoretical  principles  of  modelling  in 
railway  construction* 

20  September  HIIOSP*  Continue  consultation  on  the  prob¬ 

lem  of  modelling  the  settlements  and  con¬ 
solidation  of  soils. 


21  September  HIIOSP*  Consultations  on  the  problems  of 

modelling  the  stability  of  slopes; 
dynamics  effeot  of  train  load  on  the  sta¬ 
bility  of  slopes  in  the  railway  formations. 

22  September  Cultural  program 

23  September  Cultural  program 

24  September  Kiev.  UkrHIIproJect  Institute.  General 

introduction  to  the  Laboratory  of  stability 

of  slopes*  Introduction  to  the  main  prin¬ 
ciples  of  the  oentrifuge  modelling  of  sta¬ 
bility  of  slopes* 


25  September  Kiev.  UkrNIIprojeot.  Acquaintance  with  the 

specific  problems  which  are  solved  by  means 
of  oentrifuge  modelling  method* 

Preparation  to  the  oentrifuge  experiment 
for  studying  the  stability  of  slopes  on 
a  weak  foundation* 
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26  September 


27  September 

28  September 


29  September 


Kiev.  UJcrllii  project.  Centrifuge  experiment 
for  studying  the  stability  of  slopes  on  a 
weak  foundation* 

Discussion  of  the  modelling  results* 

Departure  for  Moscow 

Arrive  in  Mosoom.  Concluding  meeting* 
Departure  Prof.  J . Cheney  for  USA. 

Departure  £ng.  P. Gilbert  for  USA. 
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U  E  ii  0  P  A  H  A  y  1,1 


o  BH3MTe  aMepHKaHCKHX  cnemiajiiicTOB  iipo$.  iia.MuHefl. 
a  iihs.  II.riuiBdepTa  b  GCCP 
6-29  ceHTHdpa 
1979  roa 

B  COOTBeTCTBIIH  C  ilpOTOKOJIOf.i  ili-ro  3aCe,HaHHH  COBMeCTHOil 

coBeTCKO-awepuKaHCKofi  rpymm  10.05  "Ctpohtsjibctbo  b  pafioaax  co 
cjiosHHMii  KJiinjiaTiBiecKKMii  u  reojiormecKmw  ycjioBiiaMii"  KBa  aiviepH- 
KaHCKiac  cnemiajnicTa  -ioceiiuc  -  npo$eccop  KajintJjopHMftcKoro 

yHMBepcHTeTa  it  Hay^B  PMBBEPT  -  vtHxeHep  3KcnepHMeHTajn>Hoft  CTaHuim 
boahhx  nyTeii  iiHxeHepHoro  Kopnyca  Apt, mu  CM  oujim  npuHara  b  CCCP 
Ha  CTarapoBKy  c  6  no  29  ceHTfldpn  1979  r.  c  ueJiBB  my^enm.  BonpocoB 
npiif/ieHeHiia  t.ieTojta  ueHTpodeanoro  MOflejaipoBaHim  b  uccjieflOBaHiiflx  no 
wexaHMKe  rpyHTOB. 

AiviepHKaHCKiie  cnemtajmcTU  nocemrai  coBeTCKae  HaynHo-nccjieso- 
BaTejtbCKiie  opraHH3aunn  b  r.wiocKBe  (ffilllOCII  m  HiiC  IXttponpoeKTa  n 
r.ICweB  (YnpHilUnpoeKT) ,  r-fle  damt  03HaK0MJieHU  c  0T«ejEbHKf,ni  Jiaoopa- 
Topnmui  it  c  t/ieTojpiKoit  pemeniiH  tunpoKoro  Kpyra  3ajtan  MexannKM 
rpyHTOB  c  liotviombB  peHTpodercHoro  MOjtejntpoBaHiiH. 

B  HHCTiiTyTe  lliiG  riyiponpoeKTa  at>iepHKaHCKite  cnenuajxMCTH  03HaK0- 
MiuuicB  c  npmieHeHiiew  wero^a  ueuTpo6eznoro  MOflejnipoBamtH  npt;  npo- 

eKTMpOBaHUH  it  CTpOBTejIBCTBe  K^ynHUX  ItJIOTilH. 

B  Hiiii  OGHOBaHiiii  it  noa3et,iHHX  coopyxemiu  I'occTpoa  CCCr  aweptiKaH- 
CKiie  cnerutajmcTu  6um  03HaK0t,uieHhi  c  MeToaitKoii  noaroTOBKii  m  aHa- 
jiH3a  pe3yjiLTaT0B  oithtob  npta  lOflejmpoBaHM  ocaaoK  it  ycToitaHBocTii 
ocHOBanM  3_nannii  n  coopyaennit. 

AMepiiKancKHM  cnemtajnicTaM  drjia  npenocTaBJieHa  bo3moxhoctb 
noJiyniiTB  KOHcyjiBTauHtt  y  cneujtajntCTOB  .MITa  no  Bonpocav.  npHMeHewta 
neHTpOdgSHOro  uOAejIilpOBaHilH  B  KeJie3HO,II,OpOKHOM  CTpOHTejEbCTBe. 
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B  yKpIfiMnpoeKTe  b  v.  KiieBe  aiviepiiKaHCKne  cnemiajniCTH  ohjdi  03Ka- 
KOi.uiemi  c  npiweaemiei.i  ueTo^a  ueHTpodexiHoro  i.ioflejmpoBaHiia  b  yrojn>- 
Hoii  npor.ntiMeHHOCTii. 

HporpaivE.ia  npcdHBamiH  aMepiiKaiicKux  cuemiajiiicTOB  b  CCCP  jxaaa  b 
ilpiiJIOXCHHII  I. 

Ajv'.epimaHCKiie  cnemiajmcTu  npnHMMajnicB  no  npnHunny  "npimiaiajoinan 
CTopoHa  ruiaTiiT. " 

3a  spews  npeduBaHiis  b  CCCP  npo$.  WK.Himeii  n  hhb  il.rmiBdepT 
Ifl.ie.JIK  B03M0KH0CTB  03HaK0MlITBCH  C  KCTOpiraeCKHMH  flOCTOnplO.ieHaTejIL- 
hoctsmk  ii  apxKTeKTypHuuii  nai.isTHiiK ar.ui  r.blocKBu  ii  KneBa ,  Kyjn>Typ— 

Hoii  y.ui3HBio  coBeTCKoro  Hapofla. 

Ilpiieu  aMepiiKaHCKHX  cnemiajmcTOB  npoxo.mi.ii  b  ^pysecTBeHHoii  amoc- 
$epe,  a  pe3yji£TaTu  Bii3iiTa  Cypyr  nojie3Hu  odenx  cTopoH. 

AuepiiKaHCKiie  cnemiasncTti  Biipa^aioT  ysoBJieTBopeHMe  pe3yjrbTaTa- 
mii  npoBe.nemioii  paooTH  h  BupasaroT  npii3HaTesBHocTB  coseTCKoii  cTopo- 
He  3a  coTpyjmiisecTBo  bo  spews  me  BH3iiTa  b  CCCP. 

IiacTosmiii  i.iei/iopaHflyi'i  cocTaBJieH  iia  pyccKow  n  aarjiniicKow  S3ai;ax. 
Ooa  TeKCTa  nt.ieiOT  ayTeHTinmoe  3Hasemie.  Kasnaa  CTOpoiia  ic-iecT  tokct 
3Toro  ROKyidema  Ha  pyccKOM  n  aurjuiiicKOM  asmeax. 


OT  COBeTCKOii  CTOpOHU 

CAuOBaC'iii  A.B. 
Sar.i.iwpeKTopa  Haysno 
n  ccJie  soBa  Tejn>  ck  or  o 
HHCTIITyTa  OCHOBaHilii 
u  no£3eMHHX  coopy- 
semiii  imui'epceBaHOBa 
I’occTpoa  QCCP 

j. 


Ot  aMepiiKancKoii  ctopohk 

HHHEft  jSSBii.tC 
AMepMKaHCKHii  cTasep 
ripoipeccop  Kasn<popHHiicK or  o 
y HHBepCHTCTa 
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iljniJiOKeHiie  I 


II  P  0  T  P  A  i.l  i.l  A 

npediiBamiH  auepiiKaKCKiix  cnemianncTOB 
b  C  C  C  P 

6  ceHTHdpn  -  29  ceHTHdpn 
I9?9r. 


AaTa 


id  e  p  o  ii  p  h  h  t  ii  e 


6  ceHTHdpn 
7  ceHTHdpn 

b  CeHTfldpH 

9  ceHTHdpn 

10  ceHTHdpn 

11  ceHTHdpn 

12  ceiiTHdpa 

13  ceHTHdpn 


14  ceHTHdpn 

15  ceHTHdpn 

16  ceHTHdpn 

17  ceHTHdpn 

18  ceHTHdpn 


ilpaduTiie  b  i.iocKBy.  BcTpena  b  aaponopTy 
LepeMeTBeBo.  Paar/.emeHne  b  rocTumue. 

HliC  lVvjponpoeKTa .  Odcyxwemie  nporpai.ii.ii 
CTaKIIpOBKh .  bHaKOMCTBO  c  JiadopaTopKeii 
MCCJie^OBaHili:  CTpOHTCAbHLDC  CBOiiCTB  rpyHTOB. 

KyjEbTypHaH  nporpaivBda 
KyjiBTypHaH  nporpaMna 

HHC  1’imponpoeKTa.  03HaKor.uieHne  c  ochobhl.:.;1' 
npHHminai»iM  peHTpodeKHoro  MOAemipoBaHim. 

hi4C  l'lwponi.'oeKTa.  ilpoBe^emie  onuTa  Ha 
ueHTpodeaHo;;  wauuiHe  c  uejn>K)  uccjieAOBaHiiH 
Ae^opwamiii  KaKeHHo-HadpocHoii  iuiotiul  . 

HI1C  l'HAponpoeKTa.  npoBefleiuie  oiuiTa  Ha 
ueHTpodeacHoii  MauuiHe  c  paapyuieHuew  rpyHTOBta 
Odpa3UOB. 

H11C  IXuponpoeKTa.  03HaKOMJieHiie  c  HeKOTopiiwii 
pe3yjn>TaTaiviM  pana  ivioacjibhhx  uccjieAOBaHiii;  W3 
rpyHTOBHX  MaTepnajioB  Ha  ueHTpuftyre. 

IIoAroTOBKa  BToporo  3Kcnep:riweHTa  no  *iccJieno- 
BaHmo  AecpoptJiamrii  uoAenn  Kai/»eHHO-HadpocHoii 
iuiothhu  Ha  ueHTpmgyre. 

npoBeaeHHe  ancnepiiMeHTa.  Odcyawemie  pe3yjn>TaT0B. 
3aKJD0HHTejiBHaH  BCTpeaa. 

CBOQOAHOe  BpetAH 
Kyjarypnaa  nporvaiMia 

HiiHOCII.  03HaKoivuieHHe  c  JiadopaTopiini-ui  HHCTHTyta 
it  c  npKHminaMii  MOAemipOBaHHH  ocHOBamiii  3AaHHii 
h  coopy;  iia  ueHTpodexHoft  ;.;a!UiHe. 

HHliOCil.  OeHaicorv-JieHwe  c  Teopweii  mo Ae  JwpoBaHHH , 
Ocmotp  3KcnepHMeHTajn>Horo  Kopuyca. 
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t.l  e  p  o  n  p  h  h  t  u  e 


AaTa 


19  ceHTHdpfl 

20  ceHTfldpfl 

21  ceHTfldpn 

22  ceHTfldpfl 

23  ceHTfldpa 

24  ceHTiiopa 

25  ceHTfidpH 

26  ceHTHdpa 

2V  ceHTHdpH 
2b  GeHTHdpH 

29  ceHTHdpa 


HtftiOCH.  KoHcyjn>TauHH  co  cneiniajmcTOM  uSWUTa 
(npo<p.  tfKOBJieBoft  T.T.)  no  Bonpocy  neHTpo- 
dexHoro  MOflejmpoBaHHH  3e&uinH0i’0  nojiOTHa 
acejie3Hoft  aopom. 

XapaKT epMCTHKa  neHTpodexHHX  ycTaHOBOK 
uHKiiCa,  AiBITa,  ,.MlTa. 

TeopeTimecKiie  ochobu  MonejmpoBaHiiH  3eMJWHoro 
nojiOTHa  xejie3Hux  flopor. 

HlillOClT.  UponojixeHMe  KOHcyjr&TanHH  no  Bonpocy 
MOflejrapoBaHns  ocanoK  u  KOHCojmaannw  rpynTOB. 

IM40CII.  KoHcyjiBTaiiHn  no  Bonpocaw  mo,hcjhiuo- 
B3HMH  yCTOltHilBOCTH  OTKOCOB  HaCffllfift  H  BiieMOK, 
yneTa  pj/maimm  B03neiicTBMn  noe3flHOH  Harpy3KH 
Ha  ycTofi^niBOCTB  otkocob  HacHueii. 

KyjttTypHan  nporpaiviMa 
KyjrtTypHaa  nporpawwa 

Knee.  yKp&mnpoeKT.  Odman  iiH^opiviamm  o  HanpaB- 
jiemm  padoT  ypcpH>u'InpoeKTa  no  ueHTpodexHOMy  mo- 
ne^KpoBamno.  3h8Komctbo  c  JiadopaTopnea  ycToft- 
HHBOCTM  OTKOCOB. 

KiieB.  yKpHkftinpoeKT.  3h3komctbo  aMepuKaHCKiix 
cnemamcTOB  c  k  ohkpgthumk  3a^ananH,  pemaewuMK 
yKpHWWnpoeKTOM  c  noMomwD  ueHTpodexHoro  MOfle- 
jwpoBamm. 

llonroTOBKa  oimTa  no  ueHTpodexHOMy  r.ionejwpoBa- 
HHD  yCTOflHMBOCTM  OTKOCOB  Ha  CJiadOM  OCHOBaHHH. 

KneB.  ynpliinlnpoeKT.  ilpoBeAemie  outiTa  no  neHTpo- 
dexHOMy  uonempoBanm  ycTofiniiBocra  otkocob  na 
cjiadow  OCHOBaHHH.  OdcysweHMe  pe3yjn>TaT0B  woflejm 
pOBaHHH. 

0TBe3n  B  ulOCKBy. 

IIpHduTMe  b  iJocKBy.  3aKjnoHHTejn>Han  decena. 

0TT>e3fl  H3  MOCKBH  lipO(p.  H.HH6H  AX. 

0l“Le3fl  H3  ivlOCKBH  KHX.  II.rHMdepTa. 
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APPENDIX  G 

REFERENCE  LIST,  ARTICLES  RELATED  TO 
RAILROAD  ENGINEERING  SOIL  MECHANICS 
(IN  RUSSIAN) 
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Bun.  48,  M. ,  "TpaacnopT 11 ,  1965. 

6.  AJiBdpexT  B.r.  a  ap*  CoBepmeHCTBOBauae  KOHCTpyauali  nyia  a 
cipeno^Hux  nepeBOAOB.  -  "TpyAu  UHI4M",  Bun.  501,  U.,  "TpaH- 
cnopi",  1973. 

7.  Axbiibh  3. Id.  [JpaKTayecKae  padoiu  no  Teopaa  nona.  U.,  "HeA- 
pa",  1971. 

8.  EaAanaxa  w.K.  K  Bonpocy  ycioiiqaBOCTa  Hacunett  ua  caadux  oc- 
uoBauaax.  -  B  cd.:  Bonpocu  reoxexHUKa,  Hsa.  flHMTa  1968, K?I3. 

9.  Bateau  n.B.  OnuTHoe  accneAOBaHae  uanpaxeHaa  b  ropuux  nopo- 
Aax.  "ropaufi  aypHBA",  1934,  fc7,  nep.  c  aHra. 

10.  EaaoBueB  B.H.  4>a3uqecKoe  uoAeaapoBauae  peaaHaa  rpyHTOB. 

M . ,  "UafflaHOCTpoeuae11 ,  1969. 

11.  EaaoBHeB  B.H.  Ubtoau  4)M3aqecKoro  aoAeaapoBaHaa  padoqax  npo- 
ueccoB  AopoxHO— cTpome abhux  uamnH.  U.,  "UamaHOcipoeHae", 
1974. 

12.  Bapuau  R.Jx.  3KcnepaaeHTaaBHue  accneaoBaHUh  coTpaceuatt  rpyu- 
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135.  MacTa^eHKO  3.H.  Ochobu  Teopaa  uoAenapoBaaaH  cxpoaxentHux 
Koucxpyicuafe  c  y^exoa  cny^aiiHbix  HBseHaii.  ABiope$epax  ahc- 
cepxauaa  Ha  coucKaHi-ie  y^eHoft  cxeneHa  a.x.h.,  U.,  UMHT, 
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I'.ji/.  IlexpOB  u.3.  UccJiJAOBaHiie  ocaaoit  iop;;HHux  ocHOBaaafl  meJi©3- 
HOAOpo*Ht.<x  nacuneu  nexonou  ueaxpooeunoro  uoaenapOBaHaa. 
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OOOAOUKM  TyH  H8AH  H8T0p.  -  "iiypHaA  T6XHH?dCIC0t  $a8BXaN, 
1939,  i.  IX,  Ban.  10. 

181.  noKpoBCKwfl  r.M.,  48AOpoB  M.C.  UOAenapoBanae  ocbaok  ochobb- 

Hufl.  M. ,  '’roccTpottasAaT",  1939. 

183.  IloKpoBCKHii  r.M.,  4>8AopoB  M.C.  LlOAanapoBaHae  npoaHOcta  rpy- 
HTOB.  M.,  MrOCCTpOttl43AaTM,  1939. 

183.  noKpoBCKufl  r.M.,  $8A0p0B  M.C.  MccxeAOBaHae  yAapa  a  Baptise 
b  AQ$opaapyeuax  cpeAax.  H.  Ill,  11.,  msa*  BMA,  1940. 

184.  floicpoBCKafl  r.M.,  $8AOpoB  M.C. ,  Hoxy^aeB  U .11.  Teopaa  h  npa- 
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HTMKB  CTpOIiTeabCIBB  naOXBB  HanpaBBCHHUMM  BSpUBBMH.  U., 
Toe.  Mas*  aax-pu  no  cxp-By  a  apxHTeKxype,  1951. 

185.  noupoBCKiifl  r.H.  a  fleaopoB  H.C.  Ueaxpodexaoe  MoaenapoBaaae 
aan  peineHMH  uHXdHepHbU  aaaa n.  il.,  Toe.  mbs.  aax-pH  no 
CTp-By  id  apXMTeKType.  1953. 

186.  noKpoBCKutt  r.H.,  GeaopoB  H.C.  AettcTBue  yaapa  m  BapuBa  b 
ae$opMMpy©Mnx  cpeaax.  U.,  "roccTpofla3aax",  1957. 

187.  noKpoBCKui  r.H.  0  iioaeaapoBaHHH  aeflciBaa  BHdpauafl  aa 
rpyHTH.  -  "Tpyaa  raaponpoeKiaM,  1962,  c(5.  7. 

188.  IlOKpOBCKufl  r.H.,  fleaopoB  H.C.  npuM8H6HH6  HanpaBaoaaoro 
B3pUBa  B  ruapOTeXHM'ieCKOM  CTpOMieaBCTBe.  M.  ,  TOCCXpOll- 
M3fl8T",  1963. 

189.  noKpoBCKHtt' r.H.  BapuB.  U.,  "Heapa",  1967. 

190.  noKpoBCKHtt  r.H.  rpaBaxanan  H  HHepuHH.  U.,  ”3aaHBe",  1967. 

191 .  noKpoBCKHtt  r.H.  a  fleflopoB  H.C.  Ueaxpodexaoe  MoaeaapoBaaae 
b  cTpOMToabHOu  aeae.  U.,  M3«.  aax.  no  exp-y,  1968. 

192.  IIOKpoBCKHfl  r.H.,  fleaopoB  H.C.  UeaipoOexaod  MoaeaapoBaaaa 
b  ropHOM  aeae.  U.,  "Heapa",  1969. 

193.  IloKpoBCKafl  r.H.,  4>eaopoB  H.C.  BosBeaoHHO  raapoxexaa'ioc- 
kmx  saiiaaHux  coopyxeaall  aanpaBaeHaioi  Bspusox.  II.,  aaa. 
aax.  no  CTp-By,  1971. 

194.  Uoaacap  r.2.  lloaeaapoBaaae.  M.,  Boeaaoe  aaaaxeiboxao  aa- 
HHCTepCTBa  OdOpOHU  CCCP,  1963. 

195.  Oobbuxb  fl.E.  Onux  npaaeHeBMR  uexoaa  pacnexa  ocaoaaaatt  a 
coopyxeHall  no  npeaeaiHoay  cociohhbb  a  npeaaoxoaaa  no  oro 

COBOp  OdUCT  BO  B8HHD.  II.,  1958. 

196.  noabuau  fl.E.,  PyauuqKafl  H.fl.,  Ubxbkob  O.r.,  fitcoBieaa  T.T. 
Ueaxpodexaoe  aoaeaapoBaaae  ocaoBaaatt  ooopyxeaaH.  Tpyau  x 
yill  llexayHapoaaoay  KoHrpeccy  no  aaxaHBKe  rpyaxoB  a  $ya- 
aaaeaxocTpoeuBn,  ra.  ceccan  :I.  u.,  Cxpoian  t»r,  1973. 
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197.  IlOBOB  JI.  A.  HCC^dAOBaHMd  yCTOflaaBOCTB  OTKOCOB  H8MHBHHX 
Aaad  lanaMOxpaHMJiim  aeTOAoa  ueHTpodeaHoro  MOAesapoBaHaa. 

-  "Tpyau  BHMU  BOflrEO",  nadopaTopaa  aeuaRHux  coopyaeHatt, 
1972. 

198 .  npuropOBCKiiit  U.M.,  XecHH  r. Jl .  llOAeaapoBaHaa  b  ueHtpodex- 
hou  none  rpaBMTauaoHuux  HanpHxeHaft  b  aaccaBaux  coopyaeHH- 
hx  c  yveTOM  ocodeHHOCTa  ae$opuauaa  ocHOBaaaa.  -  Tbapot8- 
XHUWeCKOd  CTpOHTQJIbCTBO"  (  1961,  Hs3 . 

199.  npooaeuu  aaTOAoaoraa  CMCTdanoro  accflexoBaHaa.  U.,  "IIhcab? 
1970. 

200.  IlpoeKTapOBaHae  a  B03BeAeHae  3euAHHoro  noaotHa  xeaesaia  a 
aBxouodiuibHux  AOpor.  Cd.  M3A-  AH  CCCP,  1950. 

201.  npoKonoBaq  A.r.  9KcnepaueHTaaBuue  accneAOBaaaH  ocbaok 
uacbinefl.  -  "TpaucnopTuoe  CTpoaTenBcxBo" ,  1956,  fell. 

202.  nyraqsB  3.C.  CTaTaoxa'iecKae  uqtoau  b  TexHaiocKofl  tcadepiie- 
Taae.  li.,  "COBexcKoe  paAao",  1971. 

203.  Paadepr  X.  UOAenapoBaHae  xe$opuauafl  aeuHofl  xopu  c  npme- 
ueuaea  ueHipa$yra.  nap.  c  earn.  M. ,  "Map",  1970. 

204.  Pac^eT  $a3a^ecaax  nonefi  aeTOAaua  aoAeaapoBaaafl.  IIoa  pexa- 
KuaeH  JIiocTepHaxa  Jl.A.  a  BonuacKoro  E. A.  II.,  "llamas ocipoe- 
Hae",  1968. 

205.  PeBuep  M.  paonoraa.  nap.  c  earn.  M. ,  "Hayaa",  1965. 

206.  PRBKaH  H.J.,  BanoABcaafl  B.H.  flaBseaaa  odpyaoHaux  nopoA  aa 
pyAuuS  aaccaB.  -  'TopHtdl  xypuan",  1952,  M'S. 

207.  PaBtfau  H.fl.,  3anonBCKafl  B.n.  OnuT  peuieuaH  3axa*i  ynpaBae- 
uua  ropHtai  AaBneHaea  ueTOAoa  uoAeaapoBaHas.  Cd.  BHHUH, 
"lleTaaaypraaAaT" ,  1962. 

208.  PoxAecTBeHcaaft  A. 8.,  HedoTapeB  A.H.  CiaTHCiaqacKaa  aeroAu 
b  raAPoaoraa.  JI.,  "raApoueTeoaaAaT",  1974. 

209.  Po38hob  D. A.  Cayqafluue  npoqeccu.  u.,  "Hayica",  1971. 
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210.  ?030BCKu$i  31. B.  BBeaeHae  b  Teopato  reoJiorasecKoro  noAOdaa 
a  uo^eaupoBaHMH  (npaueHeHwe  npapoAHux  aHaaoroB  a  tcoaa<ie- 
CTBeiiHtix  KpaTepaeB  iioaocmh  b  reonoraa).  U.t  "Heapa‘',I969. 

211.  FouaHeaKO  A.®.,  CepreeB  r.A.  Bonpocu  upaKnaauoro  aaaxasa 
cnywaiiHiDC  npoueccos.  13.,  "CoBeTcaoe  paaao",  1968. 

212.  PouaHeHico  A .4.,  CepreeB  r.A.  AanpoKcauaTaBHue  iieTOAH  aua- 
aH3a  cayyatlHHX  npoueccoB.  Li.,  "oHepraa",  1974. 

213.  PyflaauKafl  H.fl.  .{  pacweTy  ocaaoa  ibyHAaueHTOB  Ha  puxnux  ne- 
caax.  -  "OcHOBanuH,  ^yaflaueHTM  a  uexaaaica  rpyHTOB",  1968, 
ift 2. 

214.  PyflHauKwli  H.fl.  UeuTpodeKHoe  uo^esapoBaHae  ocaaon  nec^aao- 
ro  ocHOBauafl  atecTicott  $yHAaueaTHott  nnaTu  c  yqeTou  ofoeuHO- 
ro  Beca.  -  "OcaoBaHaR,  ^yHsaueaTu  a  uexaHHKa  rpyHtoBM, 
1972,  ifcl. 

215.  Cdopaaic:  "ycToiiqaBocTB  nopOAaux  uacc  a  ocyuieaae  KaptepoB" 
KaeB,  "I'exHaKa”,  1968. 

216.  CBeuiaaKOB  A. A.  JlpHKJiaaHHe  ueTOAa  Teopaa  CJiyqaflu^x  $yHK- 
uaii.  Li . ,  "Hayaa",  1968. 

217.  Cbsuihhicob  A. A.  Ochobu  Teopaa  ooiadoa.  31.,  a3 a.  JleHaarp. 
yH-Ta,  1972. 

213.  C6aob  31.  M.  MeTOAbi  noAOdaa  a  pa3uepaocTa  b  uexaHaae.  M., 
"rocTexasAaT'*,  1957. 

219.  Cbaob  31. H.  UeTOAu  noAOdaa  a  pa3uepuocTett  b  uexaaaKe. 

H3A.  7-oe.  H. ,  "Hayaa",  1972. 

220.  CuapHOB  ll. n.  HccAeAOBaaae  npawau  Ae^opuaiiaB  ochobhoU  nxo- 
utaAKH  3ea3iflHoro  nonoTaa.  -  "TpyAH  JIHH^Ta",  1954,  Bt*n.  116, 
U.,  "TpaHCxejiA0pa3aaT". 

221.  CHhII  II-B.  1-62.  OcHOBaHaa  SAaaafl  a  coopyxeHatt.  Hopuu 
□poeKTapoBauaa.  FoccTpofl  CCCP.  H.,  "CTpo&B3AaTn,  1964. 

222.  Cokoaob  B.Ifl.  UeaTpa$yra.  U.,  MUaacTpoila3AaT" ,  1950. 
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223.  Cokojiob  B.il.  COBpeueuBiia  npoumuaeaHue  neBTpH$yru.  V., 
nUaocTpofiji3aaT"t  1967. 

224.  Cokosob  B.n.  K  Bonpocy  y^eta  flHHaMiiqecKnx  Harpy30K  o*  no- 
ABHXHoro  cocTaBa  npw  pacqeTe  ycTOttqidBOciH  seunBHoro  noao- 
THa.  -  "Tpyau  HMl£Ta,,,  1955,  Bun.  XII,  U.,  "TpaHcaeaaop- 
usgaT" . 

225.  CnpaBOvaiiK  KHaetiepa-nyTefiaa.  [Jos  pexatcmteB  EecnaaoBa 
B.B.  a  HepHUiueBa  11. A.  T.  I,  U.,  "Tpaucnopi" ,  1972. 

226.  Teopnfl  noaoOuH  u  uoaennpoBaHHe.  U.,  C6.  AH  CCCF. 

227.  TunoBue  nonepequue  npo$uxu  dannacTHOtt  npuauu.  AJttdou. 

111.,  "TpaHCnopi” ,  1970. 

228.  Tuxohob  A.H.  a  CauapcKaU  A. A.  ypaBHOHUR  uaTenaTii'iecKoil 
$H3HKM.  M.  ,  TOC.  M3fl.  TeXHMKO-TeOp .  XHT-pH,  1953. 

229.  TaaqeHKo  A. A.  iUaccn$m<;am4H  donor  a  ocanKu  Hacuneft  Ha  do- 
aoiax.  B  co:  "Bonpocu  coopyaeBHH  h  aKcnnyaiamtu  Hacunefl 
aa  donoTax".  -  "Tpyau  KouareTa  no  3eunHH0uy  nonoiHy".  11., 
"TpaucnopT",  1965. 

230.  Tpeaep  V.  Teopun  rpaBiiiaumi  u  npiiBunn  aKBBBaaaHTBooTH. 

U.,  "AT0uid3aaTn,  1973. 

231.  TpenaqicaH  M.Irt.  li  Bonpocy  cy$$03H0HH0fl  ycioftqiiBOCTM  saco- 
jiqhhkx  rnncoM  rpyaroB  b  raapoiaxHu'iecKou  crpo«Tea*OTBe. 

-  "Tpyfla  BHMH  BOHrEO”  1957,  U.,  "roccipottHajaT". 

232.  Tpynu  YII  UeaflyuapoflHoro  KOHrpecca  no  uexaHHice  rpyatOB  a 
$yHflaueHTOCTpoeuBD,  t.  2,  UexHKO,  1969. 

233.  Tycon&qeB  B.M.,  'jAenhuineim  H.H.  WccneaoBBHite  ycTotaaBOCTu 
ocaoBaHwH  canaaoB  cunyyax  uaTepnanoB.  B  cd:  Bonpocu  reo- 
TexHMKM,  1974,  fc23,  JUenponeTpoBCK,  H3a.  flMMTa. 

234.  TypoBCKan  A.H.,  '.{ocTuroBa  A.B.  HccneaoB8Hne  aa  uoaenHX 
bjimhhmh  flpeHaaefl  ua  ycTOflquBOCTB  uokpux  neccoBux  buouok. 

B  cd:  Bonpocu  reorexHuiCH.  1970,  te7,  flHenponeTpoBCB,  nan. 
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AMT  a. 

235.  TypoBCKaH  A.H.,  ueduuKaa  C.C.,  Kocthtobb  A.B.  OneHaa  yc- 
TOfi^HBOCTM  noBepxHociHoro  cjiofl  ckbohob  npa  HapymeHitii 
cTpyKTypu  rpyHTa  it  ero  nepeyBJiaxBeHHH.  6  cd:  Bonpocu  re- 
0T8XHWKB,  1974,  fc23,  AHenponeTpOBCK,  n3fl.  ZUlMTa. 

236.  yeuoB  A.M.  JIornyecKite  ochobu  ueioxa  uoxenapoBaaHfl.  14.,  " 
"Uhchl",  1971. 

237.  yKa3auuH  no  npoeKTitpoBaHUB  3eunHHOro  noxoxHa  xexesaux  it 
aBTOtioOuJiBHloc  sopor.  CH  449-72.  M.,  NCxpoflB3A8Xn,  1973. 

238.  yK83aHMH  no  TexHOJioruii  B03Be«eHMH  Hacunefl  xenesHttx  ■  aB- 
touoCmjibhux  sopor  ua  dOJioxax  a  ycxpoflcTBy  nocxpoenHux 
sopor.  BCH  134-66.  U.,  "OprTpaHCCTpott",  1967. 

239.  yctOitaMBOCTB  OTKOCOB  H  0n0JI3H9BHX  CKXOHOB.  B  c d:  "Bonpo¬ 
cu  reoxexHMKH,  1967,  JlsIO,  U. ,  "TpaHcnopx". 

240.  yuuanoBa  M.H.  Ae^opuanna  hSccobux  rpyHTOB  b  otkocbx  Bue- 
iiOK.  B  cd;  Bonpocu  reoxexuuKB,  1965,  K9,  AHenponexpoBCK, 
U3A.  AMT  a. 

241.  ymuanoBa  M.H.  A0$opuamiH  otkocob  rnydOKitx  bSccobux  bho- 
uok.  B  cd:  Bonpocu  reoxexaiiKit,  1968,  lfci2,  AHenponexpoBcx, 
M3A.  AMT  a. 

242.  $e*opOB  14. C.  HccnesoBaHue  pacnpesenoHUH  HanpaxaHa#  b  rpy- 
Hte  it  ocaaoK  $yn AaitQHTOB  npa  nouomt  uoxeaet.  -  "Xypaax 
TexHHwecKoB  $M3hkh",  1935,  x.  y,  Bun.  6. 

243.  4eaopoB  H.C.  HccneAOBaHMQ  Ae$opu8KH&  b  ochobshmax  aa  uo- 
xexax.  -  "XypHax  xexHHAecaott  $h3uku",  1936,  x.  yi,  sun. 5. 

£44.  ftexopOB  H.C.  HccnexoBaHiiQ  pacnpeaeneHita  aanpaxamtl  b  oc- 
H0B8HMM  a  aaBsauHfl  rpyHTa  aa  BapxMKaxBHua  cxeaxu  motmhh 
CaaxoBa  npa  nououa  uoaenatt.  -  "XypHax  TexHuaecKoi  $bbukhr, 
1936,  x.  yi,  Bun.  6. 

245.  $e*opoB  H.C.  OnpesexeHite  ocsakh  coopyxaHHtt  Ha  uoxaxax  nju 
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ncmouu  ueHTpiA&ym.  -  "Hoboctm  Texan km" ,  1936,  te50. 

246.  S>eAopoB  11. C.  Onpeaeneawe  npa  nouotua  ueaTpa^yra  TaareHUH- 
antaux  a  HopiiajiBHiix  aanpaxeauli  ot  rpyaia  Ha  noBepxHOcia 
uoflaneii  a’pydu.  -  "iiypaan  TexaimcKOfl  $m3hkh" ,  1936, 

t.  y 1,  Bun.  10. 

247.  $eaopOB  11. C.  UeHTpotieKHaa  uauinaa  ana  a cnuraHHA  rpyHTOB  a 
coopyxeaaH.  -  "Hobocth  TexHaan",  1936. 

248.  fcesopoa  11. C.  MccjieflOBaHne  ocaaaa  3Bboackmx  ahuobux  Tpyd 
Ha  aoAcnax  npa  nouomu  ueHTpn$yra.  -"Sypaan  Texa/qecKOfl 
$IA3HKU",  1938.  t.  yill,  Bun.  8. 

249.  GeaopoB  H.C.  ieficTBMe  BspuBa  3.B.  aa  riiApOTexHuqecKMe 
coopyxeHHH.  -  'TiispoTexHimecKoe  CTpoaTeJiBCTBo”,  1948, Jfc4. 

260.  QeAopoB  11. C.  MosenapoBaaue  npo^HOcTii  rpyHTOB  npa  bhuubs- 
hmh  BOAOpacTBOpHuux  cone!!.  CG.  BHMM  BOjrEO ,  U.,  'Toe- 
CTp0ftH3flaT",  1957. 

261 .  fleaopOB  H.C.  Onpeaeneane  Ha  nea'rpatf'yre  ycToBwHBOcin  ot- 
itOCOB  £13  "XUOCXOB”  OOOraTUXeBbHbIX  $.aOpJ5K.  «.("CTp0flH3- 
flaT",  i962. 

252.  4>wBbHanOB  n.<t>.  iMCJieHHue  ii  rpa^aaecKne  lieTojui  npnKJiaa- 

Hofl  uaTeuaiHKH.  CnpaBO^HHK .  Kmgb.  "HayKOBa  syMica",  1970. 

263.  XatticiiH  C. j.  Cana  HHepnaa  a  HeBecouociB.  U. ,  "HayKa", I9G7. 

254.  XafiKHH  C.J.  i>H3imecKHe  ockobu  uexauuKH.  M.,  "HayKa", 1971. 

255.  Xan&uaH  P.JI.  /(uuauuua.  Hep.  c  aarn.  y.,  "HayKa",  1972* 

256.  Xeuuaar  p.B.  'lacJieaaue  ueTOflu.  Hep.  c  aarn.  U . ,  "HayKa" 
1972. 

257.  XecuH  r.JI.  llpaueaeaae  $OTOynpyrocTn  it  3JieKTpoTeH30MeTpa- 
poBSHHH  npH  wee jie AOBaHHH  aanpaateaHii  B  mspoTexHH^ecKiix 
coopyxeHMHX.  11 3 Be ct mb  Bhicuieii  uikojih,  "Ctp-bo  k  apxHTOKTy- 
pa",  1658,  1*3. 

26~.  XecuH  r.JI.,  knneuoB  iu.B.  HecJieaoBaane  Ha  uosenfix  aanpa- 


G23 


XdHHOTO  COCTOHHHfl  nJIOTHHU  Ha  TptiXCJlO&HOU  pa3H0M0flyflbH0M 
0CH0B8HHM.  -  "Tpysu  MUCH" ,  1961,  Bun.  35. 

259.  XecuH  r.U.,  Cbboctbhhob  B.H.  a  ay3buaHa  H.H.  Bjihhhh©  Tpe- 
lHHHOO0pci3OB8HHfi  Ha  H anpHHeH HO©  COCTOHHHe  rpaBHTaUHOHHHX 
nnoTMH  c  yuiHpsHHUiiH  iiiBaiiH •  -  "l'pysu  MHCM",  1962,  bhij.  40, 
M.-JI.,  "rocBHeproMBflai". 

260.  XecuH  r.U.,  Cbboctbhhob  B.H.  MoaenapOBaHae  HanpaxeHHoro 
coctohhhh  rp aBHTa uhoh hhx  nJioTHH  b  ycjiOBHHX  noaTanHoro  BO- 
3BeaeHHH.  -  "Tpyau  MUCH",  1962,  te40,  M.,  "rocsHeproHasaT'.' 

261.  UBenoayd  6.M.  a  MepHaBCKafi  3. II.  TexHtmecKuli  nporpecc  b 
oOnacTH  coopyjseHMH  3eujiHHoro  nonoTHa  xeneaaux  sopor.  M., 
"OprTpaHCCTpofl",  1972. 

262.  UaifpoBaa  BHWHCSMTesBHafl  uauiHHa  "Idap-I",  KHHra  16,  MaTeua- 
TK^ecKoe  odecneyeHwe . 

263.  Umtobmu  H.A.,  Bapemsafi  Kj.IC.  a  sp.  nporH03  cicopocTH  ocason 
ocHOBaHiiii  coopyxeHHfl.  U.,  ’'CTpoaaasaT",  1967. 

264.  <IaB<iaHMS3e  B.B. ,  resBuaH  O.fl.  MoaenapoBaHa©  b  Hayae  ii  t©- 
xhmk0 .  M.,  "3HaHMe",  1966. 

265.  ^epnacoB  ifl.H.  LlexaHawecKa©  cBoficTBa  rpyHTOBux  ocHOBaHafl. 
U.,  "ABT0TpaHcn3saiM,  1958. 

266.  HepaacoB  H.H.,  LlBapes  B.B.  Havana  rpyHTOBeseHHH  JlyHu.  M., 
"HayKa",  1971. 

267.  qepaacoB  M.H.,  MaxeeB  B.B.  a  sp.  Bjihhhh©  cunu  thxocth  Ha 
iiax8HH«iecKHe  cboMctbb  rpyHTOB.  -  "OcHOBaHaa,  $yHaau©HTH 
a  uexaHHtca  rpyHTOB11 ,  1970,  It  I . 

268.  ^epTOB  A.r.  MexsyHapoAHBH  cacTeua  eaaHiiu  H3uep©HHfl.  U. , 
"PocBy3ii3aaT" ,  1983. 

269.  4h*hkob  H.r.  MccJieflOBaniie  Hecymeii  cnocoOHOCTa  cBafl  Ha 
ueHTpa^yre.  -  "TpyaH  UHHHC",  I960,  Bun.  38,  V. ,  "Tpaac- 
xeJiflopH3aaT" . 
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270.  ^KKiiKOB  n.r.  38BMCMMOCTM  u©*ay  HarpyaKauit  it  ocaanaiiH  mo- 
aentHoro  it  Hai'ypHoro  ^yasaiteHTOB.  -  "TpaHcnopTHoe  cipoit- 
TenBCTBO" ,  1362,  fc6. 

271.  Hiikukob  n.r.  HccneaoBaHwe  3aBHCnuocTe0  uexay  napaueTpauu 
"iyHflaueHT  -  rpyHT”.  ABiopeffiepaT  aMccepiauna  Ha  concna- 
Hite  yqeHO0  CTeneuu  ic.t.h.,  H3a*  UHHHC,  U.,  1962. 
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